Objective: Association of mitral regurgitation (MR) with ischemic cardiomyopathy (ICM) increases the degree of heart failure and its surgical management remains controversial. The aim of this study was to report the surgical results in patients with or without MR in association with ICM. Patients and methods: Ninety-two patients with ischemic cardiomyopathy (left ventricular [LV] ejection fraction less than 30% with global akinesis) underwent LV restoration. Pre-operative New York Heart Association (NYHA) functional class was either in class-3 or -4 in all patients. MR was moderate to severe in 38 patients (MR-group) and none or mild in 54 patients (noMR-group). Moderate to severe MR was repaired in addition to the complete coronary artery bypass (CABG) and LV restoration. All patients were followed up and echocardiogram was repeated every 6 months after the surgery. Results: The procedure of LV restoration was selected pre-and intraoperative examination and endoventricular circular patch plasty was performed in 76, partial left ventricle resection in three, and sepal anterior exclusion in 13. CABG was performed in 85 patients with mean 2.4^1.1 grafts in MR-group and 3.2^0.4 grafts in noMR-group ðP , 0:0001Þ. In MR-group mitral valve plasty was performed in 24 and replacement in 14. Undersized (26 or 28 mm) circumferential mitral ring was used in 16 patients for mitral plasty. Emergent operation required in 15 patients (13 in MR-group and two in noMR group) and the hospital mortality was 18.4% in MR-group and 3.7% in no MR-group. Mitral regurgitation recurred in two patients with posterior ring annuloplasty and they underwent valve replacement. The post-operative NYHA functional class improved to class-1 or -2 in 65 patients and cumulative survival in 5 years including emergent and hospital deaths was 60.9% in MR-group and 70.1% in noMR-group. Conclusion: In association of MR to ICM, emergent operation required more often and perioperative mortality rate was high. However, the aggressive combined mitral operation in addition to CABG and LV restoration showed the improvement of clinical symptom and quality of life after the surgery. q
Introduction
To improve the prognosis after surgery for ischemic cardiomyopathy (ICM), non-heart transplant operation such as coronary artery bypass grafting (CABG) [1, 2] or left ventricle (LV) restoration for LV remodeling [3] has been reported. However, mitral regurgitation is associated during the natural history of the ICM with poor prognosis [4 -6] . The aggressive approach of CABG, LV restoration and mitral valve repair is necessary to improve the severely diseased cardiac function with dilated heart. Mitral surgery is proposed in selected patients to improve cardiac function in patient with dilated heart and severe MR, however, there are few reports describing the results of both presence and absence of MR in patients with ICM. In this paper, we report the results of our experience of LV restoration for ICM and study the effectiveness of the aggressive surgery for the association of MR with ICM.
Patients and methods
Between March 1997 and July 2002, 92 patients underwent LV restoration for ICM. ICM was defined when the left ventricle ejection fraction was less than 30% with global ischemic akinesis of LV. The LV was restored if the LV endsystolic volume index was more than 100 ml/m 2 . The mean age of the patients was 59^9 years (range 29 -80 years). There were 81 men and 11 women and all patients had presence or previous heart failure symptom. The preoperative New York Heart Association (NYHA) functional class comprised 59 in class-3 and 33 in class-4. Twenty patients depended on inotrope before operation and emergent operation was required in 15 patients. Moderate to severe MR was indicated for mitral surgery and concomitant mitral operation was performed in 38 patients as in Table 1 . In MR-group, emergent operation was necessary in 13 patients ðP , 0:11Þ because of the deterioration of congestive heart failure despite of fully medical care. Pre-operative examinations consisted of echocardiogram with color kinesis (HP SONOS 5500, Hewlett -Packard company, Anover, Mass, USA) cardiac catheterization, coronary angiogram, cine magnetic resonance image (MRI, Imatoron, Inc. South San Francisco, CA, USA), gated cardiac pool scan, and quantative gate scintiscope (QGS), and myocardial viability and LV wall motion was detected by those examinations. Mitral regurgitation was assessed with color Doppler and the severity was graded as mild (grade 1), moderate (grade 2), moderate to severe (grade 3), or severe (grade 4). During operation, intra-operative echocardiogram was applied to detect the lesion of MR and cause of MR. The sterilized echo probe was directly placed on beating heart (cardiac surface echo guidance) and degree of MR was detected by short and long axis. After the installation cardiopulmonary bypass (CPB), the LV volume was reduced or overloaded by CPB (volume reduction and loading test). The left ventricle is filled with volume loading following the rise of pulmonary artery (PA) pressure using swan -ganz catheter and change of blood pressure using radial arterial pressure. Rapid transfusion via arterial cannulation is initiated until systolic PA pressure raises to the level of pre-operative pressure. The degree of MR becomes severe if mitral annular dilatation and geometric change of LV occurs. Then the volume is reduced until the systemic pressure reaches 50 -60 mmHg. The test is performed under transesophageal echo and cardiac surface echo guidance.
The degree of MR became none or mild after the reduction of the volume and it was grade 3-4 with volume overloading when the cause of MR was simple mitral annular dilatation or functional lesion (Fig. 1) . Standard CPB was used with 34 8C and intermittent antegrade tepid blood cardioplegia [7] was used for cardiac arrest. After complete coronary revascularization and/or mitral surgery, aortic cross clamp was removed to start heart beating. Under the beating heart LV restoration was performed according to the selection of surgical procedure based on pre-operative examination and intra-operative echo test as described previously [8] . In addition to pre-operative assessment of LV wall motion and viability using MRI, QGS or echo examination intra-operative echo test was performed; the wall motion and the thickness of the LV muscle changed after the reduction of LV volume during CPB. The most akinetic part was excluded with LV restoration. Therefore, when the LV akinesis was severe in antero-septal wall, antero-septal exclusion with oval patch as endoventricular circular patch plasty (EVCPP) described by Dor [3] or large patch as septal anterior ventricular exclusion (SAVE) as described by us [9] . In contrast, akinesis was severe in postero-lateral wall the lesion was removed (partial left ventriculectomy, PLV) as described by Batista et al. [10] . For mitral surgery, bicaval cannulations was placed and left side of left atrium was opened and approached to mitral valve. Posterior annulus was pulled toward surgical site with one or two stitches. Except initial ten patients, annular dilatation was repaired using downsizing circumferential ring (26 or 28 mm Carpentier -Edwards physio ring) by two sizes from the size measured in a classical way. Interrupted sutures of 2-0 Ticron with double-end needles is placed along to the mitral annulus. The stitches are crossed each other to enforce the stitches. The mitral annular diameter is reduced to improve the contour by using undersized Carpentier Edwards physio-ring.
When the additional mitral lesion was present, implantation of artificial chorda was placed in one or Alfieri's edge -edge technique was used in four patients. When incomplete repair remaining more than grade 2-MR by intra-operative echo examination, mitral valve was replaced. Tricuspid valve was repaired with modified DeVega procedure or ring annuloplasty if necessary in 13 patients. After completion of the operation, intra-operative cardiac echo was repeated to confirm the completeness of mitral surgery. After weaning off pump, cardiac echo is repeated to judge the mitral repair before and after protamine administration. The blood pressure is kept over 90 mmHg and less than 120 mmHg and PA pressure usually improves. Post-operative volume test was not performed in this series and MVP was judged successful when the MR become degree O or the area of mitral regurgitation was less than 2 cm 2 under the systemic pressure over 90 -100 mmHg. Before operation, the intra-cardiac pressure was measured by catheterization or intra-operative measurement by Swan -Ganz catheter. The LV volume and diameter were measured by echocardiogram. After discharge from hospital all patients continued medical treatment and they were followed up and received re-admission for reexamination every 6 months after the surgery.
Statistical analysis
Continuous variables are reported mean^standard as median and range. Cumulative survival rates were calculated by Kaplan -Meier estimation. Statistical analysis comparing two groups was performed with unpaired twotailed t-test for the means or £ 2 test for categoric variations. A probability value of less than 0.05 was considered significant.
Results
Operative procedures are summarized in Table 2 . Coronary artery bypass were performed in 85 patients (all 54 patients in noMR-group) with a mean of 2.9^1.2 distal anastomoses ðP , 0:011Þ. All seven patients with no coronary artery bypass in MR-group had previous catheter intervention and no coronary lesion was seen in preoperative coronary angiogram. The LV restorations were constructed with EVCPP in 76, PLV in three and SAVE in 13. In MR-group mitral valve plasty was performed in 24 patients with the use of a mean of 27.5^1.3 mm ring (26 mm in seven, 28 mm in nine). Cardiac ischemic time (aortic cross clamp time) was a mean of 74.8^3.5 min in MR-group, while 56.6^28.3 in noMR-group ðP , 0:01Þ.
An intra-aortic balloon pump was placed in ten patients before or after the operation and one patient required left ventricular assist device in emergent situation. Hospital death was in nine patients (9.8% hospital mortality) including seven deaths in 15 emergent operations. The causes of hospital deaths were multi-organ failure due to severe congestive heart failure in eight and intractable Two patients out of those three, the MR became severe 8 or 22 months after the initial repair, respectively. Both had redo mitral replacement and additional LV restoration was performed in one. The follow-up analysis showed that 65 patients improved the NYHA functional class to class 1 or 2, while late death was in ten patients. The cause of late deaths was intractable congestive heart failure in five (four in MRgroup) and ventricular arrhythmia in five (four in noMRgroup and no cryoablation). A 5-year survival rate was 60.9% in MR-group and 70.1% in noMR-group including emergent operation, hospital death, and non-cardiac death.
Discussion
The definition of ischemic cardiomyopathy was differed in the previous reports [11, 12] . In this reported series, however, the ischemic cardiomyopathy (ICM) was defined as global akinesis of LV (LV ejection fraction less than 30%) due to ischemia and LV remodeling. The MR is not always associated with dilated cardiomyopathy, although the heart failure is rapidly deteriorate with the occurrence of MR during the natural history. The MR is more frequently seen in non-ischemic DCM than in ischemic DCM [13] . The mechanisms of functional mitral regurgitation are reported in several [14 -16] . The mechanisms are papillary muscle dysfunction and geometric change of left ventricle. Therefore, even if the papillary muscle is not involved in the ischemic lesion, the LV dilatation and remodeling of spherical shape causes severe dilatation of mitral annulus and severe MR. Bolling et al. [17] reported that mitral repair was effective to improve clinical symptom in patients with dilated cardiomyopathy and severe MR. Regarding to define the mitral lesion we found that both volume loading and volume reducing echo test during the operation on cardiopulmonary bypass was useful to detect the cause of MR. To detect MR associated with ICM, it is recommended that assessment pre-operatively rather than at time of operation is important for guiding decisions on mitral valve surgery at time of CABG. Because the downgrading is a result of the unloading effect of general anesthesia and it causes more problems with functional or ischemic MR. Therefore, Byrne et al., performed provocative testing under transesophaged echo (TEE) guidance to reproduce the preanesthetic degree of mitral regurgitation with pre-load and afterload challenge [18] . In case of doubtful MR, Dion et al. [19] also used an intra-operative dynamic testing using TEE, and associating a loading test and an afterload test. We also found that the anesthetic effect caused downgrading effect of MR and therefore the volume loading and reduction testing was useful to elicit 'occult' MR during operation. The test was also useful to decide the operative technique, because functional MR could be repaired with simple annuloplasty using one or two downsized circular prosthetic ring. In this series, we did not perform the volume-loading test after mitral repair, however, the test after weaning off the pump is considered to be useful for the decision of complete repair with volume loading. If the MR caused by mainly annular dilatation and geometric change due to LV dilatation and tension of LV, the MR became none or less than grade 1 by reduction of LV tension with volume reduction and recovered more than grade 3 with volume loading using cardiopulmonary bypass. The degree of MR did not decrease if subvalvular apparatus or valve leaflet was involved such as chordae rupture, elongated chordae, or thickened and shortened valve. Different techniques were reported for reducing the mitral annulus; Kay et al. [20] reported mitral plasty with reduction of posterior annulus without ring and Carpentier [21] used rigid ring, and a flexible ring could be also used. Menicanti [16] reported that trans LV approach for MR with LV reconstruction could be performed without prosthetic ring and the results were favorable. Bolling et al. [17] used undersized circumferential ring to reduce annulus for severe MR associated with DCM and emphasized the mitral repair in end-stage cardiomyopathy was a new and effective strategy for the patients based on their mid-term results [22] . We used non-circumferential flexible ring at the beginning and changed the technique to use the circumferential semirigid ring (Carpentier-Edwards physio ring) with smaller size (undersized ring; 26 or 28 mm [17] ). Because annular dilatation in MR associated with ICM occurred in both posterior and anterior annulus, two patients without circumferential ring recurred severe MR during follow-up. After the use of undersized semi-rigid circumferential ring, the MR could be easily repaired and no recurrence occurred. In our series, simple mitral annuloplasty with undersized circular prosthetic ring was effective in approximately 80% of patients, and the intra-operative volume test was very effective to determine the effectiveness of the simple annuloplasty technique. In 1998 Dor et al. [3] reported that the effectiveness of endoventricular circular patch plasty (EVCPP) for patients with severe LV akinesis. The LV reconstruction for those dilated heart showed the improvement of LV ejection fraction and hemodynamic data by reducing LV volume. However, mitral repair without LV reconstruction in Bolling's report showed no improvement of LV volume and LV ejection fraction although the clinical symptom and survival rate improved because of reduction in afterload by repairing MR [17, 22] . In ischemic DCM, anteroseptal wall was involved in general to promote LV remodeling and to increase LV volume, and therefore the technique of EVCPP to exclude anteroseptal wall was effective to reduce the LV volume. We also found that large antero-septal exclusion using septal anterior ventricular exclusion technique is also necessary in 13 patients (14.1%) with very dilated heart. In contrast, partial left ventriculectomy was used in a few patients as seen in three out of 92 in our series if severe ischemia was seen in posterolateral wall of LV. The late survival after the surgery in patients with ICM was reported in several literatures; the late survival rate was 82% at 5 years in Dor's report [3] with LV reconstruction, 62.7% at 30 months in Menicanti's report [16] with mitral repair and LV reconstruction, 72% at 48 months in Bolling's report [20] or 78% at 5 years in Calafiore's report [11] with mitral repair including both ischemic and non-ischemic lesion. In our series, by comparing MR-group and noMR-group in ICM, emergent operation was required more in association of MR and early and late operative results were better in noMR-group, while the survivors in both groups improved their hemodynamic and clinical function. In conclusion, the LV restoration for ICM shows good late follow-up results and in association of MR the aggressive combined surgery with LV restoration, CABG, and mitral repair can be achieved with satisfying results in avoidance of emergent situation.
